Fescues with Large Roots are Drought Tolerant
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Abstract. Consideration of root/soil
interactions is essential in adapting
tall fescue (Festuca arundinacea
Schreb.) to soil and climatic condi-

tions of the Coastal Plain region of
the southeast. Sandy soils of the re-
gion are very susceptible to the for-
mation of hardpans. These com-
pacted layers often restrict plant root
development to the plow layer (0 to 6
in.) and prevent plant roots from
reaching available moisture and nu-
trients in the subsoil horizons. Plants
grown under these conditions are
shallow rooted and will be subjected
to water stress up to 50% of the time
during the growing season. Although
implements are available to pene-
trate the hardpan, they have high en-
ergy requirements and provide tem-
porary remedies. The limitation of
root growth due to compaction layers
has been cited as a causal factor of
drought stress and resulting stand de-
cline of tall fescue in the southeast.
Research was initiated to determine
the differences in soil water extrac-
tion of four fescue lines with different

root characteristics and ‘’Kentucky
31" (KY-31) fescue used as a check.
The fescues were grown on a sandy
loam Coastal Plain soil with a known
compacted zone at a depth of 0.4 to
0.6 m (16 to 24 in.). Two fescue lines
with large diameter roots (LDR) in the
range of 0.92 to 1.03 wm and xylem
diameters of 0.16 to 0.19 pwm pene-
trated the hardpan and extracted soil
water to a depth of 48 in. In two fes-
cue lines with small diameter roots
(SDR) less than 0.9 wm soil water ex-
traction was restricted to the soil
volume above 0.6 m. The increase in
soil water removed from depths
greater than 0.6 m was reflected in a
40% increase in dry matter yield for
the LDR lines as compared to the
SDR fescue lines. The LDR fescue
lines offer genetic germplasm to be
incorporated into a breeding pro-
gram to improve drought tolerance of
fescue in the southeast.

Introduction

Tall fescue (Festuca arundinacea Schreb.) is an ex-
cellent cool season perennial forage grown on an
estimated 35 million acres throughout much of the
United States. The reasons for its popularity are:
(1) wide range of adaptation, (2) persistence under a
wide range of management regimes, (3) good forage
yield, (4) a long growing season, and (5) excellent
seed production. But tall fescue usually does not
persist for more than three years in pastures in the
Coastal Plain region of the southeastern USA
(McCloud and Bula, 1985). However, old stands of
tall fescue can be readily observed growing in
water-rich environments such as low-lying areas of
pastures and ditch banks in this region (Edwards
and Pedersen, 1985). Therefore, it was assumed
that soil water availability and rainfall distribution
during the critical growth periods were significant
factors restricting tall fescue persistence.
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Most of the soils of the southern Coastal Plain
are coarse-textured, loamy sands with sandy loam
surface horizons that make them susceptible to
compaction. The compaction zones, genetic or
man-made, often result in shallow-rooted plants. A
compacted layer below the Ap horizon can restrict
root development and prevent plant roots from
reaching available subsoil water and nutrients
(Trouse and Musick, 1961; Taylor et al., 1964;
Trouse and Baver, 1965; Lund and Elkins, 1978;
Elkins et al., 1983).

Typically, a sandy soil of the Coastal Plain will
have approximately .025 m (1 in.) of available water
per 0.3 m (1 ft) of soil. If roots penetrate deeper
than 0.15 m (6 in.) and evapotranspiration for the
crop is 0.5 cm/day (0.2 in./day), the crop will have a
3-day supply of water. However, if rooting is ex-
tended to 0.3 m, the crop will have a 6-day supply
of water. Data from long-term weather records in
Alabama suggest that a summer crop with a rooting
depth of 0.3 m will experience 42 days of water
stress during May through July, 5 out of 10 years
(Ward et al., 1959).

A potential solution to drought stress in tall fes-
cue in the Coastal Plain region is the identification
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and utilization of tall fescue lines with superior root
characteristics that improve water absorption. This
solution has been used successfully with other
grasses. Increased xylem diameter was advanta-
geous in wheat (Triticum aestivum L.) grown on
stored soil moisture for the entire growing season
(Passioura, 1972; Richards and Passioura, 1981a;
Richards and Passioura, 1981b). An increase in hy-
draulic resistance in wheat root systems limited
water uptake over the growing season, allowing for
adequate soil moisture at critical periods of growth
and development. Wheat plants with smaller xylem
diameters have greater hydraulic resistance than
those with larger diameters.

Tall fescue clones with large diameter roots
(LDR) were less water-efficient than clones with
small diameter roots (SDR) in greenhouse pot
studies (Elkins et al., 1977). In addition, the same
LDR clones were more susceptible than SDR
clones to nematode damage in the greenhouse
(Elkins et al., 1979). However, in the field where
hardpans were present, LDR clones of tall fescue
had superior drought resistance, persistence,
forage yield, and sward cover (Williams et al.,
1983).

The improved performance of LDR fescue clones
under field conditions compared to SDR clones was
associated with differences in root morphology of
clones. However, the effects of tall fescue root
morphology on water absorption from different soil
depths had not been established. Thus, the objec-
tive of this study was to determine relative water
removal from varying soil depths for tall fescue
clones with differing root morphology.

Materials and Methods

Growth and Establishment

The tall fescue clones used in this experiment have been
previously characterized for root diameter, xylem diam-
eter, root cross-sectional area, and xylem cross-sectional
area (Torbert, et al., 1985) and are shown in Table 1. Veg-
etative propagules of the four tall fescue clones, and
‘Kentucky 31" (Ky-31) seedlings used as a check, were
transplanted into 0.6 X 1.5m (2 ft X 5ft) plotson 1.5 m
centers in Oct, 1981. The soil was a Cahaba fine sandy
loam (fine-loamy, siliceous, thermic Typic Hapludult)
with a compacted zone present at 0.25 to 0.35 m (8 to 14
in.). Soil pH averaged 5.6 for the top 0.6 m and 5.9 for the
0.6—1.2 m depth. The experimental design was a random-
ized complete block with three replications. The plots
were maintained weed free by hand-pulling weeds
throughout the study. Fertilizer was applied according to
soil test recommendations to maintain all nutrients in
high fertility levels. Annual application of 167 kg/ha (150
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Table 1. Root morphological characteristics of tall rescue
clones

Average Root
root diameter Xylem Root Xylem
Fescue diameter range diameter X-area® X-area?
clones (mm) (mm) (mm) (mm?) (mm?2)
LDR? 0.90ac  0.76-1.04 0.17a 0.69a 0.03a
SDR? 0.68b 0.68~0.77 0.14b 0.43b 0.02b
KY-31 0.69b 0.61-0.73 0.11c 0.40c 0.013¢

2 X-area = cross-sectional area.

b DR = large diameter roots; SDR = small diameter roots.

¢ Means with the same letter are not significantly different at the 5% level
of probability.

Ibs/A) of 0-8.8—16.6 was applied each year in August. In
Dec 1983, 111 kg/ha N as NH,NO, was applied, and 67
kg/ha N was applied after each harvest. The plots were
allowed to grow for 1.5 years prior to collecting data to
allow them to approximate a mature tall fescue sward.

Forage was harvested by hand cutting 7 April and 9
May, 1984. Yield was determined on a dry wt/area basis
and two cuttings were combined to calculate total yield
for the year. The yields were statistically tested for signif-
icant difference using LSD test.

Ten propagules of each fescue clone were grown in
12-L (4 gallons) tanks in the greenhouse. Each propagule
was replicated 10 times and 20 random roots were se-
lected from each propagule to determine root character-
ization. All root diameters were measured within 4 hours
of removal from the fescue lines. A cross-sectional slice
of each root, taken 7.5 cm from the root apex, was exam-
ined under a microscope. A scaled eyepiece was used to
measure root and xylem diameters (Torbert et al., 1985).

Soil Water Content

Soil water determinations were initiated 4 May, 1983 and
were made three times weekly until 31 December, 1984.
Soil water measurements were made with neutron probe
and tensiometers at 0.2, 0.6, and 1.0 m. In 1984, addi-
tional neutron probe measurements were made at 0.4,
0.8, and 1.2 m soil depths.

The neutron probe contained a built-in factory calibra-
tion curve to convert the number of measured slow neu-
trons to volumetric water content or theta (6). The probe
was also calibrated for the Cahaba fine sandy loam soil
by taking readings on an area adjacent to the plots and
then determining the water content from samples taken at
the same time. The following equation converted the 6,
(water content in percent moisture) to the true 6, 6,
(water content as a fraction):

8, = (1.2632 +(6,+0.08062))/100 1)

The amount of water present in the soil profile (AMW)
was calculated for 1984 by using neutron probe readings
at consecutive depths in a trapezoidal area equation:

AMW = E; 0.5(6 +;.) 2)
Bi = 1-—6
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reduced rainfall persisted. The increase in water re-
moved from soil depths greater than 0.6 m by LDR
clones (Table 3) suggested that the roots were ac-
tive at these depths. During these dry periods, pan
evaporation exceeded rainfall (Fig. 3).

Root observations from soil pits (Williams et al.,
1981) showed the LDR roots were growing to a
depth of 1 m (40 in.). Roots of the SDR fescue lines
were restricted to the soil volume above the tillage
pan. The restricted layer was located at a depth of
25 to 35 cm. At our experimental site, the restricted
layer was located from 0.4 to 0.8 m below the sur-
face. Thus, the increased water removal that oc-
curred at depths greater than 0.6 m (24 in.) with
LDR lines was associated with increased rooting
depth.

Conclusion

One of the challenges to plant breeder and agrono-
mist is to identify genetic material that can tolerate
extremes in soil and climatic conditions of the
Coastal Plain region. The limitation of root growth
due to soil compaction in these sandy soils is a
causal factor of drought stress in this region and a
major factor in lost yield potential. However, the
selection of tall fescue lines with superior root
characteristics may be a means for adapting tall fes-
cue to an area that is in need of a high-yielding
perennial grass. The ability of LDR clones to ac-
cess deep soil water during periods of drought
should provide a mechanism for drought-resistance
in tall fescue. Breeding efforts are underway to de-
velop new tall fescue varieties with enhanced
drought resistance through LDR’s. Such varieties
would be very important in areas such as the At-
lantic Coastal Plain.
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